Abstract The primary aim of this study was to evaluate the physicochemical and bread making quality of Sudanese wheat cultivar, known as Imam, grown under different growing conditions (location and fertilization). The results showed significant differences (P 6 0.01) in all quality tests among the growing environments, fertilization, and fertilization vs. environments. Different ranges were observed for 1000-Kernel weight (KW, 30.50-34.47 g), hectoliter weight (HW, 803.8-825.7 g/ hl), moisture content (MC, 12.34-12.94%), ash content (AC, 0.47-0.63%), protein content (PC, 10.76-14.08%), falling number (FN, 383.3-597.0%), wet gluten (WG, 25.77-35.08%), dry gluten (DG, 8.71-12.18%), gluten index (GI, 63.22-87.13), and loaf specific volume (LSV, 3.69-4.04 ml/ g). Simple correlation analysis indicated different associations (positive, negative, weak) between all traits and throughout the three growing environments and fertilizations. Multivariate analyses clearly identify the best growing condition for Imam Cultivar as sample D from New Halfa fertilized with 100 kg/fed ammonium sulfate before sowing outscores all other samples for physicochemical and bread-making quality attributes. 
Introduction
Wheat (Triticum aestivum) is the most important and the second widely cultivated crop, after corn, which played a fundamental role in combating hunger and improving the global food security (Mutwali et al., 2016) . The grains of wheat provide about 20% of all calories and proteins to humans (Shiferaw et al., 2013) and produce good flour for making bread, cakes, sweet yeast goods, cookies, and crackers as well as the use in blended mixes. In recent years, demand for wheat grains has significantly increased due to the global population growth, and thus wheat industry is facing a competitiveness crisis (Mutwali et al., 2016) . When compared to many other crops, wheat net return, and acreage are severely decreased while the population and the demands for wheat grains hugely increased in recent years. This decline will likely continue unless wheat production moved horizontally into new cultivation environments that was formerly considered unacceptable for wheat production (Curtis et al., 2002) due to environmental stresses mainly salt, drought, and heat stresses that adversely affect the yield and grains quality of wheat (Huseynova and Rustamova, 2010) . To encounter the demands of future population's explosions and ensure grain production in these new environments, technology must be developed to improve wheat's competitiveness that depends on the development of new high-yielding and adaptable varieties with high end-use quality. Therefore, the objective of wheat researchers was to produce high yielding varieties and to evaluate their adaptability and end-use quality properties under different environments (Groos et al., 2007; Li et al., 2013; Lopes et al., 2012; Mutwali et al., 2016) . In Sudan, wheat is a strategic field crop and is the second most essential cereal food, after sorghum, and the primary staple food for many peoples in both rural and urban areas (Hamad et al., 2014; Makawi et al., 2013; Mutwali et al., 2016) . This crop is traditionally cultivated in the northern region of Sudan along the Nile banks where the winter conditions are favorable for plant growth and grain yield (Mutwali et al., 2016) . However, after 1940s due to increasing demand for wheat consumption and scarcity of land wheat cultivation in Sudan expanded southward entering a new and warmer environment and occupying most of the irrigated sectors in central, northern and eastern states (Ageeb, 1994; Elsheikh et al., 2014) . In these new growing environments, heat, drought, and salt stresses, low soil fertility, and lack of quality seeds of improved varieties are the chief restrictions limiting wheat production in Sudan, which unfavorably affect plant growth and grain formation El Siddig et al., 2013; Elahmadi, 1996) . To overcome these boundaries wheat breeders have developed several varieties with enhanced tolerance to most of these stresses and having better grain yield and quality Elahmadi, 1996) . Although many researchers have extensively studied the grain yield of the developed wheat varieties, reports on the evaluation of end-use quality attributes of these varieties under different growing conditions are scarce Mutwali et al., 2016; Tahir et al., 2011) . Therefore, the chief aim of this study was to determine the effect of growing conditions (location and fertilization) on physicochemical quality of high yielding Sudanese wheat cultivar.
Materials and methods

Plant material and field-testing
In this study, we used the Sudanese high yielding standard cultivar known as Imam. The experiments were carried out in three different environments with different fertilizers combinations (Table 1) and has hot (average temperature 28.9°C) and dry winter. The soil of Ad Douiem is silt clay with 22% porosity, pH 7.3-7.4, (N) 0.0500.038%, (P2) 2.2-3.6 mg/kg soil and (Na) 3.91-13.43. In all growing environments, the experiments were designed in a completely randomized block design with three replications. Sowing was from the second to the third week of November, and the seeds were planted by hand in rows of 0.2 m apart in plots comprising of 4 rows of 5 m length at a seeding rate of 120 kg/ha. Different fertilizers combinations were used (Table 1) , and irrigation was applied at 10 day intervals. At field maturity, plants were harvested using combined harvester. Samples were taken randomly from the seed bulk in each fertilizer treatment in each growing location and were coded as A, B, C, D, E, and F (Table 1) .
Physical testing
Wheat grain samples were manually cleaned from impurities, crushed seeds, immature seeds and foreign matters. Then, physical characters such as 1000-kernel weight and hectoliter weight were determined according to the official standard method (AACC, 2000) .
Preparation of wheat flours
Wheat grain samples were conditioned (tempered) overnight by adding water to 14% moisture content and then milled into wholemeal flour using KT type 120 Mills. The whole flour was divided into two portions: one portion was kept as whole flour meal and used for analysis of moisture, protein and ash content and the other portion was extracted to white flour (72% extraction) using a Brabender Quadrumat Junior Roller Mill (Brabender, GmbH & Co. KG, Duisburg, Germany). The extracted flours were utilized for the baking quality tests, falling number, and gluten characteristics.
Chemical composition analysis
Moisture and ash contents of the whole meal and extracted flour were determined according to the standard method of the AACC (2000). Protein content was determined by the semi-micro Kjeldahl following the official standard method (AOAC, 1990).
Falling number
Falling number (FN) in terms of a-amylase activity of wheat flours was determined using the falling number instruments (FN 1400, Norlandsgation 16, Stockholm, Sweden) following the Official Method 56-81.03 (AACC, 2000) and expressed on 14% moisture basis.
Determination of gluten quantity and quality
Gluten quantity and quality (WG, DG, and GI) of wheat flours were assessed as described in the standard method 38-12.02 (AACC, 2000) by using a Glutomatic 2200 systems and a Perten 2015 centrifuge (Perten Instrument, AB, Huddinge, Sweden) . Briefly, the dough was formed by mixing 10 g of wheat flour sample with 5 mL distilled water in a test chamber with a bottom sieve. After that, the dough was washed with 2% NaCl and gluten ball was centrifuged at maximum speed by a Perten 2015 centrifuge and then quickly weighed. The percentage of wet gluten remaining on the sieve after centrifugation is defined as the gluten index. The total wet gluten was dried in the heater (Glutork, 2020) to obtain the dry gluten. Then, the weight of gluten was multiplied by ten to get the content of wet or dry gluten.
Baking tests
Loaf bread was prepared following the method described by Badi et al. (1978) . Briefly, the ingredients (flour 250 g, salt 2.5 g, sugar 2.5 g, and yeast 2.5 g) were suspended in water and mixed in mono-universal laboratory dough mixer at medium speed to form dough. The dough was permitted to rest for 5 min at room temperature (30°C) and then formed into round balls, molded, and placed in the fermentation cabinet for the final proof, which differs according to the fermentation power of the different doughs. Baking was carried out in Simon Rotary Test Oven at 250°C for 13 min and after cooling for one hour, bread samples were evaluated for weight (g), loaf volume (ml), and bread specific volume (ml/g) according to Pyler (1973) .
Statistical analysis
The biochemical and quality results of three independent wheat samples of each fertilizers treatment and growing environment were statistically analyzed using SAS software. The data were assessed by analysis of variance ANOVA (Gomez and Gomez, 1984) and the means were separated with Duncan's multiple range test (DMRT). Simple correlation coefficients for the average values of physicochemical quality traits of wheat grown under different fertilizers combinations and growing environments were evaluated using Stat View software. The multivariate analysis of the interrelation between the fertilizers treatments, growing environments and the quality traits was accomplished using HJ-biplot methods included in the MULTBIPLOT software (Vicente-Villardo´n, 2010). The HJ-Biplot method allows the plotting of the quality features and agronomical treatments for an optimal quality of demonstration and henceforward provides easy and fast information about the interrelation of the plotted data. Hierarchical clustering examination with the Euclidean distance using the principal components scores and the Ward's technique as the process of linkage was used to assign a set of individuals to a particular treatment. Significance was accepted at P 6 0.05 and P 6 0.01. Table 2 shows the physicochemical characteristics of wheat grain samples of Imam Cultivar grown under different conditions (fertilizers combinations and growing environment). The highest (P 6 0.05) 1000-kernel weight was found for samples B (34.46 g) followed by sample A (34.13 g) suggesting that wheat samples cultivated at Ad Douiem have high kernel weight, whereas the lowest (P 6 0.05) value of 1000-kernel weight was recorded for sample C grown at New Halfa and the plant was fertilized with ammonium sulfate, humic acid, and urea. On the other hand, significantly high (P 6 0.05) values of hectoliter weight (i.e. grain density or test weight) were recorded for sample D (825.6 g/L) followed by sample E (820.6 g/L), while sample F gave the lowest value (803.8 g/L) of hectoliter weight. Overall, the results demonstrated that growing environment and fertilizers types and dose significantly affected the hectoliter weight and 1000-kernel weight of wheat grains and thus the overall flour yield and quality. Generally, hightest weight indicates sound grain and higher correlations are found between hectoliter weight and flour yield. Similar to our findings, recent reports showed that environmental conditions and fertilizers application had a significant impact on the 1000-kernel weight and hectoliter weight of various wheat genotypes (Bouacha et al., 2014; Kaya and Akcura, 2014; Li et al., 2013; Lopes et al., 2012; Mutwali et al., 2016) .
Results and discussion
Physicochemical properties and bread making quality
The approximate composition of the whole meal and extracted flour is shown in Table 2 . The MC of the entire meal and the extracted flour showed different values between the treatments and growing locations. The highest moisture value for the whole meal was found in sample D from New Halfa, while the lowest was for the sample F from Gezira. On the other hand the highest moisture value for the extracted flour was recorded for the sample C from New Halfa and the least was for sample A from Ad Douiem. These results also suggested that both the growing environment and fertilizers combinations have a significant effect on the MC of whole and extracted flours. Similarly, Mutwali et al. (2016) found that environmental conditions and agronomical practices significantly affected the moisture content of 20 wheat genotypes grown in three different environments. The growing environment and fertilizers also showed significant (P 6 0.05) effects on the AC of both whole and extracted flours. The highest ash content for the whole meal flour was observed in sample E (1.78 g/100 g) while the lowest was observed for sample C (1.42 g/100 g). Extraction of the flour significantly reduced the AC of all samples. In extracted flours, high AC was found in sample E (0.63 g/100 g) and low amount was seen in sample B (0.47 g/100 g). The protein content of whole and extracted flours significantly (P 6 0.05) was affected by the growing environment and fertilizers application (Table 2) . For the whole flour the highest protein value was found in sample C (14.98 g/100 g) of wheat grains obtained from New Halfa, whereas the lowest value was observed for sample F (11.71 g/100 g) grown at Gezira, suggesting the influence of growing environment and fertilization on protein content of wheat flour. The differences seen in the AC in the present study could be attributed to the differences in the environmental conditions (temperature and soil conditions) as well as fertilizers application (Makawi et al., 2013; Mutwali et al., 2016) . On the other hand, the values of protein obtained for the extracted flours indicated the highest value for sample D (14.08 g/100 g) and the lowest for sample F (10.76 g/100 g). These results suggested that the samples of wheat grown at New Halfa showed high protein content and that grown at Gezira showed the lowest values. The protein (quality and quantity) of wheat is considered as the primary factor for determining the end-use of wheat flour. The difference in PC in the present study may be due to variation in environmental conditions (mainly heat stress and soil fertility) and the fertil- ization. Similarly, many reports showed that the protein content of wheat grains and flours significantly depends on agronomical practices, soil fertility, and heat and drought stresses (Bouacha et al., 2014; Kaya and Akcura, 2014; Li et al., 2013; Morris et al., 2004; Mutwali et al., 2016; Tahir et al., 2006) .
The results indicated that the falling number (FN) and gluten properties of wheat flours are significantly affected by the fertilization and environmental conditions (Table 3 ). The highest falling numbers were observed in sample C (597.0 s) and E (589.3 s) grown at New Halfa and Gezira, respectively, while the lowest value was recorded for sample B (383.3 s) that was grown at Ad Douiem, suggesting that the growing environment and fertilization affected the FN of wheat flour. Generally, the falling numbers (a-amylase activity) of all samples were relatively high. This could be accredited to the dry climate during grain filling and harvesting time that subsequently disturb the activity of a-amylase (Erekul and Kohn, 2006; Hamad et al., 2014) . The Sudanese wheats are characterized by little aamylase activity (falling number is higher than 350 s) as reported by Badi et al. (1978) and Mutwali et al. (2016) . In addition, our outcomes were in good agreement with those reported by Kaur et al. (2013) who noted high falling number (485-967 s) of Indian wheat cultivars. According to the standards (Perten, 1996) , the optimum level of falling number is between 250 and 300 s; hence, alpha-amylase is added to wheat flour to improve its enzymatic activity and hence bread making quality.
The WG (35.08%) and DG (12.18%) of the sample C were higher (P 6 0.05) than other samples (Table 3) indicating the improved quality of wheat grains when cultivated in New Halfa and fertilized with humic acid, ammonium sulfate, and urea. On the other hand, the lowest wet and dry gluten was observed in sample F from Gezira and fertilized with various fertilizers (humic acid, urea, organic matter, triple super phosphate, and micronutrients). These results demonstrated that the influence of the growing environment on the percentage of wet and dry gluten is higher than the impact of fertilizers. The variation of WG and DG could be attributed to the differences in the agronomical practices, and environmental conditions mainly temperature and soil fertility. Similarly, significant change in WG and DG content due to the difference in wheat genotypes and growing environments has been reported (Kaya and Akcura, 2014; Mutwali et al., 2016) .
The gluten index (GI) was highest (P 6 0.05) for sample E (87.13%) followed by samples F (82.18%) and C (81.35%), whereas the lowest gluten index values were observed in sample B (63.22%) and A (65.25%). Strikingly, the gluten index of all wheat samples fall within the optimal range (55-100) for bread making (Har Gil et al., 2011; Makawi et al., 2013) under all growing conditions, suggesting the suitability of the grains for bread making. Gluten index is a good indicator of gluten quality as there is relationship between glutenin and gluten index percentages. However, there is a negative correlation with gliadin quantity. Our findings demonstrated that the growing environments, fertilizations, and their interaction significantly affected GI. Vida et al. (2014) stated that the gluten index had the extreme dependence on the genotype compared to environmental conditions and agronomical treatments. Additionally, more substantial influence of genotype on the GI compared to the effect of environment and fertilizer uses was recently reported (Bouacha et al., 2014) .
The results (Table 3) exhibited good loaf specific volumes of Imam Cultivar when cultivated under different conditions. The highest value obtained was 4.04 ml/g for sample B followed by 3.81 ml/g for sample A, 3.75 ml/g for sample F, 3.71 ml/g for sample D, 3.69 ml/g for sample E, and 3.07 ml/g for sample C. No significant variances (P P 0.05) were found between bread specific volumes for samples A, C, E, and F. These results demonstrated that the growing conditions (temperature and fertilization) affected the LSV of Sudanese wheat cultivar. Mutwali et al. (2016) reported that LSV of twenty Sudanese wheat cultivars was affected by the variations in the growing environment as well as the genetic makeup of the plant.
Correlation analysis
The correlation analysis of wheat flour end-use quality parameters is one of the striking approaches that can yield adequate evidence on the associations of these quality characteristics and their interacted effects on each other, and hence proper evaluation of the overall quality of wheat flour. The results in Table 4 present the correlation between the grain physicochemical properties of wheat cultivar (Imam) grown at three different locations and under varied fertilization management. Generally, our results indicated diverse correlations (positive, negative, weak) between all traits and throughout the three growing environments and fertilizations. The grain physical characteristic (HW) and the flour AC have no significant correlation with all other quality characteristics of the cultivar grown at the three locations and different fertilizations. On the other hand, the KW showed extremely negative correlation ( *** p < 0.001, r 2 = À0.918) with MC at all locations and under all treatments. These results suggest that the association between KW and the flour milling and marketing quality trait mainly MC significantly influenced by the environmental conditions and fertilization. Previously, negative correlations between grain KW and flour PC and SV for wheat genotypes have been reported (Ozturk and Aydin, 2004; Tahir et al., 2006) . In addition, we previously demonstrated that MC has extremely negative correlation with FN for wheat grains cultivated in Dongola, whereas it did not show any correlation with other traits at Wad Medani and Hudeiba (Mutwali et al., 2016) . By contrast, positive correlations between KW and PC have been reported for wheat cultivars and landraces grown in the sub-humid region following K-fertilizers treatment (Bouacha et al. 2014 ) and for the US and Chinese wheat genotypes (Sun et al., 2010) . The flour bread-making quality traits such as PC, FN, GI, WG, DG, and LSV correlated differently with each other among the three growing environments and under different fertilizers combinations. GI showed extremely positive correlation ( *** p < 0.001) with FN (r 2 = 0.929) at all conditions. Throughout the three growing environments and under all treatments, PC showed extremely positive ( *** p < 0.001) correlation with WG (r 2 = 0.929) suggesting a strong correlation between these important quality traits. In addition, the correlation between WG and DG was highly positive ( ** p < 0.001, r 2 = 0.811). These results indicate a great relation between the three major wheat quality parameters (PC, WG, and DG). Thus, they could be used for selection of good bread making wheat cultivar. Similar to our findings, previous reports showed definite interrelation between PC, WG and DG (Kaur et al., 2013; Kaya and Akcura, 2014; Mutwali et al., 2016; Ozturk and Aydin, 2004) . However, as the GI correlates positively with FN, much concern has to be considered when using GI for wheat quality evaluation (Bonfil and Posner, 2012; Kaur et al., 2013) . A recent study indicates a negative relationship of GI with WG and DG for some Indian cultivars (Kaur et al., 2013) . Among all growing conditions, FN showed strongly negative correlation with LSV ( ** p < 0.01, r 2 = À0.900). Overall, the results suggest the dependence of the quality traits on the growing environment and the crop management practices.
Biplot analysis
To intensely determine the interrelationships between the physicochemical properties and bread-making quality traits of grain wheat cultivated at different conditions, biplot analysis was performed by matching the eigenvalues of PC1 and PC2 of principal component analysis (PCA) for both the growing conditions and the quality traits (Fig. 1) . Regarding the interrelation between the traits and growing conditions (location and fertilization), the results of the first two PC axes (PC1, 48.82% and PC2, 26.50%) accounted for about 75.32% of the total variability reflecting an excellent contribution of the two PC axes to the plotted components (Fig. 1) . In the biplot, vectors of traits showing acute angle (<90°) are positively correlated, whereas those formed obtuse (>90°) or straight (180°) angles are negatively correlated, and those with right angle (90°) have no correlation (Mutwali et al., 2016) . The distance between the growing conditions (location and fertilization) is interpreted in terms of similarity. Regarding the traits, PC1 had the physicochemical and flour quality parameters (KW, HW, LSV, MC, FN, and GI) as the principal components, while PC2 had the bread making quality characters (PC, WG and DG) as the primary elements, and AC to a lesser extent. The cosine of angle between KW and LSV is acute revealing positive correlation between these traits. In addition, LSV formed obtuse and/or straight angles with other traits suggesting that LSV had negative correlation with all other traits. The cosine of angles between DG, WG, and PC is acute indicating highly positive correlation between these important quality traits; however, they showed negative correlation with LSV and AC. The cosine of angles of MC, FN, HW, and GI is acute indicating positive correlations among these traits. The aforementioned traits also positively correlated with AC, PC, and WC, while they are negatively associated with KW, LSV, and DG. Overall, the biplot investigation displays three groups of the characters based on their phenotypic associations, and those include bread making quality characteristics (PC, WG and DG) group, gluten, starch, milling, and marketing quality characteristics (GI, FN, MC, HW, and AC) group, and grain physical and bread quality characteristics (KW and LSV). Interestingly, hierarchical clustering clearly distinguished the three growing environments of wheat cultivar treated with different fertilizers combinations according to the physicochemical and bread making characteristics of wheat grains. The first group (right half of the graph, plus symbol) is formed by the samples A and B (grown at Ad Douiem) with the highest values of KW and LSV compared to other genotypes. Within this group, the treatment B gave the highest values for LSV, whereas both treatments have similar impact on the KW. These results suggested that fertilization of wheat cultivar grown at Ad Douiem with humic acid, ammonium sulfate, urea, and triple superphosphate (sample B) gave the highest LSV, and thus better bread making quality, compared to the fertilization with only NPK and triple superphosphate in the same location. The second group (upper left, star symbol) consists of the samples C, D, and E (New Halfa) and are characterized by its high bread-making quality traits (PC, WG, and DG), and marketability and starch quality characters (MC, FN, HW, and GI) . Within this group, samples C and D are superior to sample E for bread-making quality traits while sample E is superior to these samples for marketability and starch quality. Interestingly, growing Imam wheat cultivar in New Halfa and fertilizing the plant with 100 kg/fed ammonium sulfate before sowing (sample D) resulted in grains with significantly excellent and stable bread making quality attributes (PC, WG, and DG). On the other hand, growing wheat cultivar in the same location and fertilizing the plant with 400 kg/fed urea as split dose resulted in grains with better marketability and starch quality (MC, FN, HW, and GI). The final group (lower left, circle symbol) contains the sample F that grown at Gezira is the least sample for all quality attributes, but it is slightly characterized by better milling properties (AC). These results display some alterations from those of the correlation analysis among pairs of traits as the biplot defines the interrelationships among all characters concomitantly based on the overall contribution of the data (Yan and Fregeau-Reid, 2008) . Additionally, the biplot also indicates the interrelation among the treatments as well as their stability and input toward an individual trait (Morris et al., 2004) . Moreover, the biplot is also considered as an appropriate method for the analysis of the interaction between the quality traits and wheat growing conditions (Mutwali et al., 2016) . Overall, the results of the biplot and clustering analysis clearly distinguished three groups of the samples and their growing environments based on their performance for one or more quality traits. Based on the bread-making quality traits, the growing environment of New Halfa and fertilization with ammonium sulfate is most suitable followed by fertilization with ammonium sulfate, humic acid and urea in the same growing environment, whereas the cultivation of wheat cultivar for bread making at Gezira and fertilization with various fertilizers (sample F) is not recommended. The chief differences between the three environments are the temperature and soil fertility. Therefore, the poorer quality of the genotypes at Gezira could be attributed to the high temperature and low soil fertility during the growing season (Mutwali et al., 2016) . To select the best growing conditions (environment and fertilization) based on end-use quality attributes of wheat grains, we generated a bi-dimensional cluster from the mean of the quality attributes of each sample across all growing conditions (Fig. 2) . The horizontal axis groups the samples based on phenotypic similarity concerning their physicochemical quality characters. The variances in the color intensity specified the values of each character with the red color being the greatest and green is the lowest. The results show three clusters of samples based on their correlation with one or more of the tested characters. The upper group of the samples C, E, and D shows their shared contribution to the better values of HW, GI, FN, PC, and WG. Within this cluster, sample D contributes also to the KW, DG, and AC suggesting that this sample has better milling and bread-making quality attributes. Despite its contribution to MC and LSV, sample D has an excellent end-use quality characteristics and outscores all other samples in this regard. Strikingly, all these samples were brought from Imam Cultivar grown at New Halfa scheme and treated with different combinations of fertilizers. The second cluster contained the sample F that shows a significant contribution to the AC, HW, GI, FN, and MC and to lesser extent LSV. The last cluster contains the samples A and B that display the quality attributes mainly DG, KW, and LSV. These results indicate that cultivation of Imam Wheat cultivar in New Halfa and fertilization with 100 kg/fed ammonium sulfate before sowing gave grains with as an excellent and stable end-use quality attributes. The results of biplot analysis show some variations to those of the simple correlation examination among pairs of traits as the biplot defines the interrelationships among all characters concurrently based on the overall contribution of the data (Yan and Fregeau-Reid, 2008) . Thus, this report displays a clear picture of the associations between all the test parameters for all samples concomitantly.
Conclusion
The results of this study conclude that the fertilization, the environment, and their interaction have a high influence on the end-use quality attributes of Imam Wheat cultivar grown under different conditions. Wheat samples in the present study have sufficient variability in the physicochemical properties and bread-making quality attributes. Throughout the growing location, New Halfa is suitable for cultivation of wheat for good bread making quality attributes while Gezira is the least in this regard. Among the samples, sample D from New Halfa that was fertilized with 100 kg/fed ammonium sulfate before sowing outscores all other samples for physicochemical and bread-making quality attributes. This growing condition (environment and fertilization) is potentially excellent for the cultivation of Sudanese wheat cultivar in the hot environments of the tropics for producing wheat grains with good bread-making quality. Figure 2 Bidimensional clustering analysis presents the relationships between the growing conditions and quality traits.In the ballots, the hierarchical clustering analysis with the Euclidean distance using the principal component scores and the Ward's technique as the process of linkage was used. KW, 1000-kernel weight; HW, Hectolitre weight; AC, Ash content; MC, Moisture content; PC, Protein content; FN, Falling number; GI, Gluten index; WG, Wet gluten; DG, Dry gluten; LSV, Loaf specific volume.
